age and periodontal disease'0-12 and between cigarette smoking and periodontal disease'3-'5 have been reported.
The individual with periodontal disease is usually treated by removing the extrinsiclocal factors. When the local factors are reduced, the observable evidence of disease regresses, even though the systemic factors remain the same. Periodontal disease may progress to residual damage (loss of the epithelial attachment) but, if the disease is treated, the gingival tissues can still return to normal. Recent investigations 6-2 have reported the association of certain variables with increased risk for coronary heart disease. These same studies have reported that multiple-risk variables further increase the risk of coronary heart disease compared with that incurred from single-risk variables alone. Because these variables have been known as precursors to coronary heart disease, the relationship of these variables to periodontal disease will be examined.
Extrinsic-local factors, calculus and plaque, have been previously shown to be strongly associated with periodontal disease,9 but were not considered because the focus of this report is to consider the intrinsic-systemic factors.
Materials and Methods
Since 1959, the schools of public health and medicine of The University of Michigan have conducted a longitudinal study of the health of the entire population of Tecumseh, Michigan, and the immediately surrounding area. 7 As part of that investigation, complete medical histories were obtained and physical examinations, electrocardiograms, and selected laboratory tests were performed on the population of Tecumseh in 1959 and 1960. In addition, Jamison10 examined a 10% geographically stratified random sample (801 subjects) to determine the prevalence and severity of periodontal disease. Of those eligible for this study, 690 (86%) participated.
The sample of the present report (408) consists of those subjects who were 20 years and older and for whom dental and medical information was available. Of the 408 subjects, 84 were edentulous and will be analyzed in a later report. 21 The remaining 324 subjects (154 males and 170 females) were dentulous.
The 12 social and physiologic variables that seemed pertinent to the study were age, height, weight, relative weight, systolic blood pressure, diastolic blood pressure, blood glucose, serum cholesterol, serum uric acid, onesecond forced expiratory volume (FEV1 , * alcohol consumption, and cigarette consumption.
The standard methods used for measurement of physiologic variables have been described previously. 722 The rates of alcohol and cigarette consumption were obtained from the medical history. Alcohol was measured in units per week (one unit 5 gm of alcohol) and cigarette consumption was measured in packs per day.
The method used for assessing gingival disease was the periodontal disease index (PDI) described by Ramfjord.22 The PDI appears to be sensitive to residual damage. For example, using the PDI, a score of 4 or more (which indicates loss of epithelial attachment) cannot be reduced as the consequence of successful treatment. For this reason, the PDI score was used as a measure of periodontal assessment in this study.
Simple correlation analyses were performed for periodontal disease, as scored by the PDI, and each of the 12 variables. Because most of these variables were highly correlated with age,17 a stepwise partial analysis and a multiple correlation analysis were performed with periodontal disease as the dependent variable. The stepwise partial correlation analysis proceeded in this manner:
(1) The dependent variable (periodontal disease) was preselected. (2) The independent variables were selected by order of magnitude; that is, by the highest partial correlation with the dependent variable. (3) After each * The FEVi is a measure of pulmonary obstruction and is used as an index of chronic obstructive lung disease. independent variable was selected, it was correlated with the dependent variable, with the effect of each preceding variable removed.
Because cigarette consumption and age were significantly related to PDI score in both sexes, further analysis of the variables was warranted. As a second experiment, (1) the subjects were divided by age and sex, and by nonsmokers and smokers. (2) to examine the association of periodontal disease and age, the effect of cigarette consumption related to both age and periodontal disease had to be held constant. The PDI adjusted score for smoking was computed by the following formula:
PDlpred=predicted PDL score PDI =mean PDI score a+bx =linear equation b =slope of the line pdi * sm =partial correlation coefficient for PDI score and smoking Results
The results of simple correlations between periodontal disease, as scored by the PDI, and each of the 12 selected variables, according to sex, are presented ( Table 1 ). The PDI score was significantly correlated (at the 0.05 level or better) with age, cigarette consumption, blood glucose, serum cholesterol, and FEV, in both sexes. In females, however, the Table 2 reveals that, for both sexes, age and cigarette consumption had the highest partial correlations as well as P values of less than 0.01. In the males, the partial correlation for age was very high, and for cigarette consumption was high; these two variables accounted for 94% of the explained variance. The partial correlation coefficients of the remaining ten variables, for males, were not statistically significant, even though the simple correlation coefficients of some of these variables were significant.
In the female subjects, the partial correlation for age was very high, and for cigarette consumption was high; these two variables accounted for 83 % of the explained variance. In females, the partial correlation coefficients of systolic blood pressure and of FEV1 also were significant. CIGARETTE CONSUMPTION. -The mean PDI scores for the groups that were created are shown (Fig 1) . In all age groups for both sexes, the smokers had a higher average PDI score than the nonsmokers. In the age groups 40 to 49 and >50 for males, the difference was statistically significant at the 0.01 and 0.05 levels, respectively.
AGE.-The adjusted PDI scores for smokers and unadjusted PDI scores for nonsmokers were used to compute regression lines for periodontal disease and age for both sexes. nonsmokers were the same. The slope of the regression line for male smokers was greater than those for the other groups, but not significant (P= 0. 1) .
Discussion At times, a simple correlation coefficient between two variables may be significant, although these two variables may also be associated with a third variable. Partial correlation analysis can remove the effect of this third variable. The data presented showed high correlations between PDI score and many of the 12 selected variables; partial correlation analysis removed the effects of the third variable common to the remaining variables.
Periodontal disease was more severe in the smokers for each age group. Cigarette consumption may affect periodontal disease in two ways. Directly, smoking can act as a source of gingival irritation (local factor); indirectly, smoking has been linked to systemic illnesses, such as coronary heart disease,24 which can affect the gingival tissue response4 (systemic factor) through alterations to vascular tissue and through hemodynamics. However, smokers and nonsmokers may have different oral hygiene habits, or smokers and nonsmokers may be different in constitution, with the smokers When the effect of cigarette consumption related to both age and periodontal disease was held constant, the slope for male smokers was greater than that for the male nonsmokers and both groups of females. This finding may indicate (1) an age-smoking interaction, unaccounted for by the adjustment for smoking, (2) unrecognized qualitative differences between male smokers and the rest of the sample, or (3) both of these possibilities. Smoking, implicated in the pathogenesis of several diseases including coronary heart disease, appears to be associated with periodontal disease, independent of age.
The relative percentage of male smokers (59%) was higher than that of female smokers (40% ); the mean amount of cigarettes consumed by males (1.17 packs/day) was higher than for females (0.72 packs/ day). These two factors may account for the lack of differences between the female nonsmokers and female smokers. Speculation on the underlying relations between periodontal disease and the variables studied is limited by sample size and the cross-sectional approach. The Tecumseh Community Health Study is an ongoing study that will yield longitudinal data bearing on the reported associations. Such data may substantiate the findings of the present investigation and permit inferences about cause and effect.
The PDI represents a cumulative and irreversible score when loss of epithelial attachment occurs. A hazard always exists when associating a cumulative score with a current habit or condition that may not have been in effect during the time the irreversible condition occurred. Nevertheless, a strong association has been demonstrated between the PDI and other indexes and measurements based on present and active periodontal dissease.
Smoking, a known risk factor in coronary heart disease, appears to be associated with periodontal disease, independent of age.
Conclusions The association of periodontal disease with 12 selected variables, known to influence the risk of certain medical diseases and considered to act as intrinsic-systemic factors, was examined. The data represented measurements taken from a 10% probability sample (324 subjects 20 years old or more) as part of the Tecumseh Community Health Study. Periodontal disease was assessed by the periodontal disease index (PDI).
The males had higher PDJ scores than females. The PDI scores correlated with age, cigarette consumption, blood glucose, serum cholesterol, and FEV1 in both sexes. With a stepwise partial correlation analysis wherein age was held constant, cigarette consumption, systolic blood pressure, and FEV1 significantly correlated with PDI score in females. Only cigarette consumption was significantly correlated with PDI score in males. In all age groups for both sexes, smokers had higher PDI scores than did nonsmokers.
Analysis by linear regression showed that the slope for male smokers was greater than the slope for the male nonsmokers and both groups of females when the effect of cigarette consumption related to both age and periodontal disease was held constant.
These results confirm findings from previous studies (in selected populations) and suggest that the relationship between periodontal disease and certain physiologic and social variables might be worthy of longitudinal study.
